The LS7 metric can be used to evaluate these 7 modifiable risk factors integrally, simultaneously, and quantitatively. This metric can also be used to promote stroke prevention, particularly via lifestyle changes. [2, 5] Due to differences in race, social economic status, and lifestyle, risk factors for CVD in the Chinese population may be dissimilar from those in United States populations. No previous studies have used the LS7 score to perform a quantitative assessment of CVD risk factors in a Chinese population. Our study measured CVH using LS7 in a Chinese population of patients undergoing primary and secondary stroke prevention.
Methods

Study participants and data collection
The participants included outpatients and inpatients of the Department of Neurology of Peking University Third Hospital from October 2010 to July 2013 who were diagnosed with ischemic stroke (IS, including transient ischemic attack [TIA] ; secondary prevention group) or who had only vascular risk factors without IS or TIA (primary prevention group). This study was approved by the ethics committee of Peking University Third Hospital.
We used LS7 to assess these patients via interview or telephone in September and October 2013. The age, sex, height, weight, and education level of the participants were obtained, and histories of stroke and TIA, hypertension, diabetes mellitus, and hyperlipidemia, as well as the use of related medications and cigarette smoking were recorded. Physical activity and diet were recorded according to LS7.
Life's Simple 7
Each LS7 component was given a score of 0, 1, or 2 to indicate poor, intermediate, or ideal health, respectively. [5] The health factors included: (1) Total cholesterol -ideal (<200 mg/dl, without lipid-lowering medication), intermediate (200-239 mg/dl or treated to <200 mg/dl), and poor (≥240 mg/dl); (2) BP -ideal (BP <120/<80 mmHg without antihypertensive medication), intermediate (systolic B P [ S B P ] 1 2 0 -1 3 9 o r d i a s t o l i c B P [ D B P ] 80-89 mmHg or reduced with antihypertensive medication to <120/<80 mmHg), and poor (SBP ≥140 or DBP ≥90 mmHg); and (3) blood glucose -ideal (<100 mg/dl, without antidiabetic medication), intermediate (100-125 mg/dl or reduced with antidiabetic medication to <100 mg/dl), and poor (≥126 mg/dl). Health behaviors included: (1) Physical activity -ideal (intense physical activity 4 or more times/week), intermediate (intense physical activity 1-3 times/week), and poor (no physical activity); (2) diet -ideal (4-5 components), intermediate (2-3 components) , and poor (0-1 component); (3) smoking -ideal (never or quit >12 months ago), intermediate (former, quit ≤12 months ago), and poor (current); and (4) BMI -ideal (<25 kg/m 2 ), intermediate (25.00-29.99 kg/m 2 ), and poor (≥30 kg/m 2 ). [2, 5] Diet components included the consumption of: (1) Fruits and vegetables (≥4.5 cups/day), (2) fish (≥two 3.5-oz servings/week), (3) fiber-rich whole grains (≥three 1-oz-equivalent servings/d), (4) sodium (≥1500 mg/d), and (5) sugar-sweetened beverages (≤36 oz/week). [5] An overall LS7 score was calculated (ranging from 0 to 14) and classified as inadequate (0-4), average (5-9), or optimal (10-14) CVH. [5] Statistical analysis SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) was used for the data analysis. The quantitative data were expressed as the mean ± standard deviation (SD). The Chi-square test was used to compare the differences in the distribution of LS7 components between men and women and between different prevention types in addition to the differences in the distribution of each CVH category and in the number of ideal components of the LS7 of patients of different prevention types. The Mann-Whitney U-test was used to compare the differences between men and women and between different prevention types, and the Kruskal-Wallis test was used to compare the differences among different education levels in overall LS7 scores. A P < 0.05 was considered statistically significant.
results
Demographic and clinical characteristics
In total, 706 patients were examined. 
Distribution of the Life's Simple 7 components
The distribution of the LS7 components is shown in Tables 2 and 3 and Figure 1 . Most of the individuals were classified as having an intermediate or poor health status in each of the components of the LS7, with the exception of smoking, BMI, and fasting plasma glucose, in which the ideal category (76.4%, 57.9% and 51.1%, respectively) was the predominant group. The percentage of participants in the ideal categories for physical activity, diet, BP, and total cholesterol consisted of only 0.6%, 7.4%, 8.5%, and 21.1% of the study population, respectively. For physical activity, the majority of the individuals exhibited a poor health status (90.7%); for diet, BP, and total cholesterol, most of the individuals had an intermediate health status (92.4%, 59.0%, and 73.8%, respectively).
The distributions of the LS7 components for subgroups of patients classified by sex and prevention type are shown in Table 2 . The comparison between men and women regarding the distribution of LS7 components showed no significant differences. The comparison between prevention groups showed that the secondary prevention group had a poorer BP status than the primary group. The comparison of other LS7 components showed no significant differences between prevention groups.
Distribution of cardiovascular health categories and comparisons of overall Life's Simple 7 cores by sex, education, and prevention type
For patients with valid data (n = 255), the overall LS7 scores were calculated, and the distribution of each CVH category was analyzed [ Table 4 ].
The proportions of patients with inadequate, average, and optimal CVH were 9.4%, 82.4%, and 8.2%, respectively. No significant differences were observed between men and women. A significant difference was observed between education levels. The proportion of patients in the optimal health category was lower in the secondary prevention group than in the primary prevention group (3.8% vs. 12.8%, P = 0.005). The overall LS7 scores were compared between men and women, between different prevention types, and among different education levels [ Table 5 ]. A significant difference was observed among education levels. The overall LS7 scores of patients whose education levels were not available were significantly lower than those patients whose education levels were illiteracy, middle school, or college or more. Other comparisons among different education levels showed no significant differences. Additionally, the overall LS7 scores were lower in the secondary prevention group than in the primary prevention group (5.75 vs. 7.00, P = 0.026).
Distribution of participants by number of ideal Life's Simple 7 components
For patients with valid data (n = 255), the distribution of the number of ideal LS7 components for each participant is shown in Figure 2 .
No participants were classified as having ideal CVH (having ideal levels of all 7 components), and only 1 of the 255 participants achieved 6 ideal components. The vast majority of participants (76.1%) presented with ≤2 ideal health components. Additional subgroup analyses indicated no significant differences in the distribution of the primary groups (P = 0.554).
dIscussIon
The AHA/ASA proposed the LS7 population metric in 2010. Since then, studies of community-based cohorts in the United States have reported CVH according to the 7 components and concluded a low prevalence of ideal CVH. [2, [5] [6] [7] [8] [9] [10] [11] Previous studies have analyzed the values of the different LS7 components without assigning a total CVH score. [6] [7] [8] [9] [10] The Atherosclerosis Risk in Communities Study (12, 744 participants aged 45-64 years) reported the prevalence of ideal CVH in 1987-1989 and showed that only 0.1% of the participants had ideal CVH (all seven CVH metrics), 17.4% had intermediate CVH (at least one intermediate metric and no poor metrics), and 82.5% had poor CVH (at least one poor health metric). [7] The Northern Manhattan Study (2981 subjects, mean age 69 ± 10 years) showed that no participants had all 7 ideal CVH factors, only 4.4% of the cohort had 5 or 6 CVH factors, and the majority of the cohort (62.4%) had only 2 or 3 ideal factors. [6] The Heart Strategies Concentrating on Risk Evaluation study (1933 participants, mean age 59 years) found that 1 participant showed all 7 ideal components. Less than 10% of the participants had ≥5 ideal components in all subgroups (by race, sex, age, and income level). The vast majority of participants (80.9%) presented with ≤3 ideal components. [8] When the CVH metric was released as LS7, it was first used in the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study (30,239 black and white participants aged ≥45 years sampled from a US population from 2003 to 2007 who were free of stroke at baseline), which showed that a greater number of white participants were in the optimal CVH category and fewer were in the inadequate and average categories (19.4%, 73.0%, and 7.6%, respectively) compared with black participants (7.2%, 76.4% and 16.3%, respectively). [5] In our study, only 8.2% of the patients had optimal CVH according to the total LS7 score; this finding was similar to that of the REGARDS study. Additionally, the analysis of the number of ideal LS7 components achieved by each participant showed that most participants (76.1%) presented with ≤2 ideal health components, which was similar to the results of other studies. The low prevalence of optimal CVH suggested substantial room for improvement, which requires cooperation among healthcare professionals, policy-makers, patients, and society.
Furthermore, our secondary prevention group showed a lower proportion of participants in the optimal CVH (3.8%) group compared with the primary group (0.013). This result suggested that the LS7 categories are related to stroke history and may be used to predict stroke; this conclusion is supported by the Northern Manhattan and REGARDS studies. [5, 6] The Northern Manhattan Study showed a stronger gradient relationship between CVD (including stroke) and the number of ideal CVH metrics (0. ideal CVH metrics, respectively) compared with those with 0-1 ideal CVH metrics (P for the trend <0.0001), which was similar among whites, blacks, and Caribbean Hispanics. [6] Additionally, the REGARDS study showed that each better health category of the LS7 score was associated with a 25% lower risk of stroke and that this association was similar for blacks and whites. A 1-point higher LS7 score was associated with an 8% lower risk of stroke. [5] These gradient associations should be further clarified in a Chinese population. Currently, a comprehensive, automated CVH assessment is being developed that may be easily applied to a large population. [16] LS7 was also used as an efficacy measure of an intervention program. [17] In our study, the analysis of LS7 components showed low proportions of ideal status for physical activity and diet. Regarding physical activity, the majority of the individuals had a poor health status (90.7%); for diet, most of the individuals had an intermediate health status (92.4%).
In previous years, the prevention or control of BP, blood lipids, diabetes mellitus, smoking, and obesity were apparently well managed; however, physical activity and diet status required more attention, particularly in the older population.
Regular physical activity reduces the risk of total mortality, cardiovascular mortality, cardiovascular morbidity, and stroke. [1] The 2008 Physical Activity Guidelines for Americans concluded that physically active people have a 25-30% lower risk of stroke or death than the least active people. However, the dose-response relationship between the amount or intensity of physical activity and stroke risk is unclear, and a gender interaction is possible. Adults are recommended to engage in at least 150 min (2 h and 30 min) of moderate intensity or 75 min (1 h and 15 min) of vigorous-intensity aerobic physical activity per week or an equivalent combination of moderate and vigorous intensity aerobic activity. These guidelines also note that some physical activity is better than none and that adults who participate in any amount of physical activity gain some health benefits. [1, 18] Regarding diet, an appropriate energy balance in the overall dietary pattern is recommended, including, but not limited to, eating sufficient fruits and vegetables, fish, and fiber-rich whole grains, as well as controlling sodium and sugar intake. [19] Numerous problems regarding the evaluation and control of diet exist in China. These problems include insufficient knowledge, different eating habits, unit conversion difficulties, complicated diet assessment scales, and difficulty determining food composition. Due to the importance of improving diet, regulating and simplifying the evaluation methods, emphasizing the labeling of food ingredients, and strengthening dietary education are necessary.
Due to the low cost of controlling lifestyle behaviors such as diet and physical activity, great social and economic benefits can be obtained by promoting healthy lifestyles that reduce the risk of stroke and other CVDs.
This study is the first to investigate the LS7 score in a Chinese population to evaluate patients' CVH by this integral, simultaneous, and quantitative assessment of 7 modifiable risk factors. Thus, we verified the improvable potential and the realistic objectives among these 7 preventable risk factors. Meanwhile, this assessment enhanced patients' and their family's awareness of CVH and ameliorated stroke prevention.
However, this preliminary study has some limitations. First, LS7 was developed by AHA/ASA; thus, its applicability in Chinese populations remains uncertain. For example, the criteria for BMI in China differ from those in Western countries. We used this scale without any adjustment, which may affect the results. Further studies should use Chinese criteria. Furthermore, the assessment of diet is similar to that of BMI. Because the unit of food in LS7 is according to US standards, this assessment must undergo a complicated transfer into Chinese units. Further development of diet assessment standards for Chinese stroke prevention populations is necessary. Additionally, the components of fiber, sugar, and sodium are not usually indicated on the labels of many foods in China. Thus, the intake of these components is difficult to assess. A cooperative effort from Chinese society, media, and government is required to promote knowledge regarding the proper diet for ideal CVH and to standardize the food components strictly to improve people's diet structure. Second, LS7 has been applied in population-based studies, while our study is in a single center. Our study enrolled 706 patients, among whom only 255 provided complete data. Thus, the typicality of this study is impaired. Further studies should enlarge patient enrollment and prospectively investigate the association of score and stroke incidence and recurrence. However, our study found that the overall LS7 scores of patients whose education levels were not available were significantly lower than those of other patients, which implied that these patients may not care about their health condition and may need to be the focus of our attention. Finally, some CVH components including total cholesterol and BP may be not applicable for secondary prevention populations. Further studies are warranted for developing an integral, simultaneous, and quantitative scale for secondary prevention populations.
In conclusion, few patients had optimal CVH (as determined using the LS7 assessment) in this Chinese population study of stroke prevention. Additionally, fewer patients had optimal CVH in the secondary prevention group compared with the primary prevention group. Physical activity and diet status warrant particular improvement. The low prevalence of optimal CVH suggests substantial room for improvement, which requires cooperation among healthcare professionals, policy-makers, patients, and society.
